The Mycobacterium tuberculosis antigen ESAT-6 has been proposed for tuberculosis immunodiagnosis. In The Gambia, 30% of community controls produced gamma interferon (IFN-␥) in response to ESAT-6. Increased proportions of responders and intensities of responses were found in household contacts. Responses that were initially low in tuberculosis patients increased after treatment. An ESAT-6 IFN-␥ assay will be of limited use in the diagnosis of tuberculosis in countries where tuberculosis is endemic. Its role in contact tracing should be evaluated further.
Tuberculosis is one of the leading causes of death among adults worldwide (18) . The highest incidence rates are found in sub-Saharan Africa (3, 11) . As the only marker of Mycobacterium tuberculosis infection, the tuberculin skin test is widely used to confirm clinical suspicion of tuberculosis and to estimate the burden of disease in epidemiological studies (6) . However, the specificity of the test is thought to be low, especially in developing countries (10, 13) where bacillus CalmetteGuérin (Mycobacterium bovis BCG) vaccination and exposure to environmental mycobacteria can lead to positive responses (4) . A better marker of M. tuberculosis infection and disease is needed. ESAT-6 is a low-molecular-weight secreted antigen expressed by M. tuberculosis, but not by M. bovis BCG, and by only a limited number of environmental mycobacteria (1) . It has been proposed that the immune response to ESAT-6 be used for the diagnosis of tuberculosis (1) . Although an ESAT-6 skin test has not yet been developed for human use, recent studies conducted in industrialized countries have shown high in vitro gamma interferon (IFN-␥) responses to ESAT-6 in tuberculosis patients but not in healthy unexposed or BCGvaccinated individuals (1) . In Ethiopia, similar IFN-␥ responses were observed in tuberculosis patients and contacts, suggesting that M. tuberculosis infection, in the absence of disease, can also induce high responses to ESAT-6 (2, 12). However, the IFN-␥ response to has not yet been investigated in community controls living in tuberculosisendemic countries. This study was undertaken to evaluate whether tuberculosis patients and contacts have higher IFN-␥ responses to ESAT-6 than do community controls in a tuberculosis-endemic country.
We compared the production of IFN-␥ induced by ESAT-6 in tuberculosis patients, healthy household contacts, and community controls. In The Gambia, tuberculosis incidence is high, exposure to environmental mycobacteria is considered to be widespread, and BCG vaccination coverage is over 90% (4, 9, 18) . Our study was nested within a large prospective household study investigating the role of environmental and genetic factors in susceptibility to tuberculosis (C. Lienhardt, O. Sow, P. Ethics Committee, and all subjects gave written consent to participate. Patients with sputum smear-positive pulmonary tuberculosis were enrolled at a tuberculosis clinic (Serrekunda Health Centre) before antituberculosis therapy was started. For each patient, one healthy household contact and one healthy community control were enrolled. These individuals were matched by age (10-year age bands). The tuberculosis patients had a median age of 30 years (range, 15 to 61). The contact individual had lived in the same compound as the patient for more than 3 months and was often the spouse of the patient. The community control individual had lived in the same area as the patient, had no history of tuberculosis, and had not been in known contact with an individual suffering from tuberculosis. Household contacts and community controls were examined by a physician and found to be free of signs and symptoms suggestive of tuberculosis at the time of enrolment and after 1 year of follow-up. A tuberculin skin test was done (2 TU, PPD RT23; Statens Serum Institut, Copenhagen, Denmark) and interpreted as positive when an induration equal to or greater than 10 mm was measured after 48 to 72 h. Only human immunodeficiency virus-seronegative individuals were included in the study. All study individuals had a blood sample collected at the time of enrollment. An additional blood sample was collected from patients 6 months after initiation of therapy. In total, 30 patients with tuberculosis, 28 household contacts, and 30 community controls were enrolled in the study.
Peripheral blood mononuclear cells were isolated by density gradient centrifugation (Lymphoprep; Nycomed, Oslo, Norway). The cells were cultured at 10 6 per ml in complete medium supplemented with 10% human AB serum (Sigma Chemical Co., St. Louis, Mo.). Peripheral blood mononuclear cells (2 ϫ 10 5 per well) were incubated in triplicate in the presence of medium alone, purified protein derivative (PPD) (RT49; Statens Serum Institut) (10 g/ml), ESAT-6 (10 g/ ml), or leucoagglutinin (PHA) (PHA-L; Sigma) (5 g/ml) at 37°C in a 5% CO 2 atmosphere. IFN-␥ concentrations were determined in supernatants collected on day 2 (PHA wells) or day 6 (ESAT-6, PPD, and medium-only wells) using commercially available antibodies (BioSource Europe, Fleurus, Belgium) according to the recommendations of the manufacturer. Spontaneous IFN-␥ production in nonstimulated wells was subtracted from IFN-␥ concentrations in stimulated wells. Multiple linear regression analysis of the log-transformed responses was adjusted for age (grouped as Ͻ25, 25 to 34, 35 to 44, and Ͼ44 years), sex, ethnic group, and absence or presence of a BCG scar. A complementary analysis defined a response as an IFN-␥ concentration above the mean plus 3 standard deviations of the concentration measured in nonstimulated control wells. Results were expressed as percentages of responders, and multiple logistic regression analysis was used to adjust for confounding factors. The comparison of baseline and 6-month responses was performed using the paired t test.
As shown in Table 1 , 38% of the community controls had a positive skin response to tuberculin. These responses could have been induced by previous M. bovis BCG vaccination, exposure to environmental mycobacteria, or infection with M. tuberculosis. Thirty percent of the community controls had a positive IFN-␥ response to ESAT-6 (Table 1) . This suggests that an important proportion of the community controls had latent M. tuberculosis infection. These results are in keeping with previous estimates of infection prevalence in Africa (3). Using a sensitive IFN-␥ enzyme-linked immunospot assay, Lalvani et al. recently reported results suggesting an even higher prevalence of M. tuberculosis infection in India (7). The lower sensitivity of our IFN-␥ assay may have led us to underestimate the prevalence of ESAT-6 responders among the community controls. The heterogeneity of the T-cell repertoire in the population may also have affected the sensitivity of the ESAT-6 IFN-␥ or skin test (14) . Conversely, the possibility that some responses to ESAT-6 in the studies of both Lalvani et al. and our group may have been induced by infection with environmental mycobacteria expressing ESAT-6 cannot be excluded.
The proportions of responders to in vitro stimulation with ESAT-6 and to the tuberculin skin test were higher among household contacts than among community controls (Table 1) . Household contacts also produced higher concentrations of IFN-␥ in response to ESAT-6 (geometric mean [95% confidence interval], 1,049 [380 to 2,894] pg/ml) than did community controls (84 [23 to 308] pg/ml [P Ͻ 0.001]) (Fig. 1) . Although we were unable to assess recent conversions, it is likely that some of the high responses to ESAT-6 and tuberculin observed among household contacts were related to recent infection with M. tuberculosis. Ulrichs et al. reported higher frequencies of lymphocytes producing IFN-␥ in response to ESAT-6 in recent tuberculin skin test converters than in BCG-vaccinated healthy controls in Germany and the United States (16) . Although contact tracing is recommended in countries with low tuberculosis prevalence (8), it is not frequently applied in developing countries. Prospective studies are currently under way to evaluate whether household contacts with high responses to ESAT-6 are at higher risk of developing tuberculosis disease and are therefore likely to benefit from preventive antimycobacterial therapy.
The proportion of responders to the tuberculin skin test was higher among tuberculosis patients than among community controls (Table 1) . In contrast, similar proportions of responders to in vitro stimulation with ESAT-6 were observed in the two groups (Table 1 ). The concentrations of IFN-␥ induced by ESAT-6 in tuberculosis patients (235 [101 to 545] pg/ml) were similar to those in community controls (P ϭ 0.48) and were significantly lower than those in household contacts (P ϭ 0.007). Tuberculosis patients also produced lower concentrations of IFN-␥ in response to PHA (1,033 [496 to 2,149] pg/ml) than did household contacts (2,974 [1,196 to 6,527] pg/ml) or community controls (4,020 [2,384 to 6,779] pg/ml [P ϭ 0.011, by global test of difference]) ( Fig. 1 and Table 1 ). In 18 patients monitored after completion of therapy, we observed significant increases in the production of IFN-␥ in response to ESAT-6 (geometric mean . These results indicate that tuberculosis disease is associated with a nonspecific defect in IFN-␥ production that is improved by antimycobacterial therapy. A similar defect has been reported by several other investigators, who described a correlation with disease severity and an improvement after therapy (5, 15, 17) . The defective IFN-␥ production combined with the high proportion of responders among community controls could limit the use of an assay based on the production of IFN-␥ induced by ESAT-6 in the immunodiagnosis of tuberculosis disease in developing countries. The high proportion of tuberculin skin test responders suggests that skin responses to mycobacterial antigens may be relatively resistant to the immunosuppression associated with tuberculosis disease. Further studies should determine the relative sensitivity of a skin test based on ESAT-6 compared to in vitro IFN-␥ production in the diagnosis of tuberculosis. a TST, tuberculin skin test. TST was considered positive when the skin induration was equal to or greater than 10 mm. A positive IFN-␥ response was defined as an IFN-␥ concentration in the stimulated sample above the mean plus 3 standard deviations of the control samples (medium alone).
b P values are based on comparisons of three groups, adjusted for age, sex, ethnic group, and BCG scar status.
In contrast to skin test results, high and similar in vitro IFN-␥ responses to PPD were observed in community controls, household contacts, and tuberculosis patients ( Fig. 1 and Table  1 ). This suggests that the in vitro IFN-␥ response to PPD is a more sensitive marker of mycobacterial infection than the skin test but, even more than the skin test, lacks the ability to discriminate between tuberculosis disease and infection from exposure to environmental mycobacteria. A test based on the production of IFN-␥ in response to PPD will probably be of limited use in countries where tuberculosis is endemic.
Our results indicate that tuberculosis contacts have higher IFN-␥ responses to ESAT-6 than do community controls in The Gambia, a country where tuberculosis is endemic. The high prevalence of ESAT-6 responses in the Gambian community could be related to a high rate of infection. Further studies should define the role of ESAT-6 immunoassays in contact tracing in tuberculosis-endemic countries. The immune suppression associated with severe tuberculosis may prevent the use of the ESAT-6 IFN-␥ assay in the diagnosis of tuberculosis in developing countries. As skin responses to mycobacterial antigens may be less sensitive to immunosuppression, future studies should compare the skin and in vitro IFN-␥ responses to ESAT-6.
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